In the acute phase of stroke, patients with left visual neglect (VN) automatically orient to the right hemispace. This study examined the presence of rightward bias after right hemisphere stroke within 10 days of stroke onset and after 6 months. Our sample comprised 43 patients and 49 healthy controls. Presence of VN was evaluated with the six conventional subtests of the Behavioral Inattention Test (BITC). Starting points were determined in three BITC cancellation tasks by measuring the distance between the starting point and the median line of the stimulus sheet in centimeters. Activities of daily living (ADL) were assessed with the Barthel Index. At baseline VN patients showed more robust rightward bias than patients without VN. The magnitude of rightward bias decreased clearly in the VN patients at follow-up. A favorable ADL outcome was observed in 90% of the patients with VN and in all of the patients without VN. The magnitude of rightward bias differed clearly between the patient groups and controls. Our result implies that VN was likely to have improved as measured by BITC sum scores, but symptoms of rightward attention bias were still detected. We therefore suggest that, for clinical purposes, it is important that attention bias is measured accurately after right hemisphere stroke.
INTRODUCTION
Visual neglect (VN) is a disabling disorder that frequently occurs after right hemisphere stroke (Bowen, McKenna, & Tallis, 1999; Ringman, Saver, Woolson, Clarke, & Adams, 2004) , suggesting a special role for the right hemisphere in spatial attention (Halligan, Fink, Marshall, & Vallar, 2003; Heilman, Watson, & Valenstein, 2003; Shulman et al., 2010) . Neglect refers to failure to report, respond, or orient to stimuli on the contralesional side of space that cannot be accounted for by primary sensory or motor deficits (Halligan, Cockburn, & Wilson, 1991; Heilman et al., 2003; Robertson & Halligan, 1999) . One prominent theory of this asymmetry in VN is that the left hemisphere controls shifts of attention in the rightward direction, while the right hemisphere controls shifts of attention in either direction (Mesulam, 1981) .
Neglect is detected in several modalities (Barbieri & De Renzi, 1989) , and it is associated with poor functional recovery (Cherney, Halper, Kwasnica, Harvey, & Zhang, 2001; Jehkonen, Laihosalo, & Kettunen, 2006) . It occurs more often and is increasingly severe in older patients (Gottesman et al., 2008; Linden, Samuelsson, Skoog, & Blomstrand, 2005; Ringman et al., 2004) . Clinical manifestations vary widely, which is consistent with the idea that neglect is a multicomponent syndrome (Vuilleumier et al., 2008) .
Previous clinical studies (Azouvi et al., 2002 (Azouvi et al., , 2006 Jalas, Lindell, Brunila, Tenovuo, & Ha¨ma¨la¨inen, 2002; Mattingley, Bradshaw, Bradshaw, & Nettleton, 1994; Nurmi et al., 2010; Samuelsson, Hjelmqvist, Naver, & Blomstrand, 1996) have found that stroke patients with or without VN show pathological attention processes, including a right-to-left visual scanning strategy. In the study of Jalas et al. (2002) the starting point in different cancellation tasks was designated right or left with respect to the center of the stimulus sheet. VN patients showed a strong tendency to start on the right, but half of the right hemisphere patients without VN demonstrated right bias at the acute stage of stroke, suggesting the presence of subclinical hemi-inattention (Jalas et al., 2002) . In the study of Samuelsson et al. (1996) the stimulus sheets in the line and star cancellation tasks were divided into three columns on both sides of the midline, and the cancellation start column was recorded. Rightward bias was initially found in right hemisphere patients with or without VN, and patients with severe VN showed a strong tendency to start on the right hemispace, regardless of the type of task (Samuelsson et al., 1996) . After a 7-month follow-up significant differences were found between healthy controls and patients with VN or patients who had recovered from VN (Samuelsson et al., 1996) . In conventional VN tests automatic rightward bias is significantly associated with the presence of left VN (Samuelsson et al., 1996) . Azouvi et al. (2006) later suggested that approximately 80% of healthy controls used a left-to-right visual scanning strategy, while the majority of VN patients used a reverse pattern. In their studies (Azouvi et al., 2002 (Azouvi et al., , 2006 ) the stimulus sheet was divided into seven columns (three on both sides and one in the middle) and the cancellation start column was operationally defined.
Rightward bias is evidently an essential element of neglect syndrome (Gainotti, D'Erme, & Bartolomeo, 1991; La`davas, Carletti, & Gori, 1994; Mattingley et al., 1994) . It is strongest in VN patients, but also evident in patients with milder attention deficits (Gainotti et al., 1991) , regardless of the degree of neglect recovery (Mattingley et al., 1994) . It seems that patients who tend to start cancellation tasks from the right hemispace also manage to search for targets on the left side using compensatory right-to-left visual strategies and thus do not meet typical neglect criteria. Latent residual VN that is not detectable in repeated tasks of VN may continue to cause difficulties in everyday life. It seems that patients with mild VN are able to anticipate their skewed spatial orientation and to compensate for VN in structured and predictable circumstances (Jehkonen et al., 2000) , but novel situations are enough to result in failures and accidents (Webster et al., 1995) . Several clinical studies based on paper-and-pencil tasks (e.g., Appelros, Nydevik, Karlsson, Thorwalls, & Seiger, 2004; Cassidy, Lewis, & Gray, 1998; Jehkonen et al., 2000) have shown that VN typically resolves over time as measured by the number of omissions. Nonetheless there is evidence that VN is detectable in the acute phase and may be observed up to several months post onset. This may indicate that the measures available for the assessment of VN are not sensitive enough to detect residual but clinically significant VN. Azouvi et al. (2002) found that the spatial location of starting point was the most sensitive measure of VN. Therefore, from a clinical point of view, it is important that starting points are determined in detail so that even patients with residual attentional impairments can be detected.
In this study our aims were to (1) examine the presence of rightward bias in patients with or without VN at baseline and after a 6-month follow-up; and to (2) compare the results with those from a healthy control group. In contrast to previous studies (e.g., Azouvi et al., 2002 Azouvi et al., , 2006 Jalas et al., 2002; Samuelsson et al., 1996) , we measured the magnitude of attention gradient in centimeters (cm) using three cancellation tasks. Earlier studies (Azouvi et al., 2002; Jalas et al., 2002; Mattingley et al., 1994; Samuelsson et al., 1996) have measured rightward bias using mainly dichotomous variables (left vs right) or an ordinal scale (columns), and functional and neurological outcomes have not been systemically reported (e.g., Jalas et al., 2002; Mattingley et al., 1994) . Furthermore, results have only been reported for the acute phase of stroke (e.g., Jalas et al., 2004; Nurmi et al., 2010) .
Our hypothesis in this study was that we would see a similar rightward bias after right hemisphere stroke as has been reported previously (e.g., Jalas et al., 2004; Samuelsson et al., 1996) . Furthermore, we hypothesized that the magnitude of rightward bias will decrease during the follow-up in patients with VN, but differences between healthy controls and right hemisphere stroke patients will still remain.
METHOD Patients
The patients for this study who were admitted to a university hospital as emergency cases between June 2005 and June 2008 were selected on the basis of an acute focal neurological deficit (left hemiparesis or left-sided weakness). Brain infarct was verified with computerized tomography (CT). Patients with a previous neurological or psychiatric history and aged 80 years or over were excluded. Only right-handed right hemisphere patients with first-ever stroke were included. In our study there were 10 patients with and 27 without VN, and 49 healthy controls. Figure 1 describes the process of patient selection.
The study was approved by the ethics committee of the university hospital. During their hospital stay all patients received physiotherapy or occupational therapy according to the hospital department's standard protocol for stroke patients. The patients did not receive any cognitive rehabilitation. Informed consent was obtained from all the participating patients.
PROCEDURE
The patients were examined at two time points. The first neuropsychological examination was conducted on average 3.6 days (AE1.8; range 1-9 days), and the first RECOVERY FROM RIGHTWARD BIAS AFTER VN 3 neurological examination on average 3.6 days (AE2.2; range 1-10 days) post-stroke. Follow-up neuropsychological and neurological examinations were carried out on average 189.5 days (AE10.6; range: 160-222 days) after completion of the first series of tests at the acute phase. None of the 37 patients had a recurrent stroke during the follow-up. All neuropsychological examinations were performed by the same neuropsychologist and neurological examinations by the same neurologist. Presence of VN was evaluated with the six conventional paper-and-pencil subtests of the Behavioral Inattention Test (BITC) (Wilson, Cockburn, & Halligan, 1987) . This standardized test battery for VN includes three distinct target cancellation tasks, figure and shape copying, line bisection, and representational drawing. The maximum total score is 146. Patients, who scored at or below the cut-off point ( 129) for the total BITC score, or below the cut-off score on at least two of the six BITC subtests, were considered to have VN. The cut-off points for each subtest were the same as used in Halligan, Marshall, and Wade (1989) . VN was dichotomized as present or absent.
Starting points were determined using the line, letter, and star cancellation tasks. Each standard task sheet (A4) was placed directly in front of the patient and 1458 consecutive patients were screened 95% of all patients were excluded: left hemisphere stroke (n = 276), transient ischemic attack (n = 200), previous stroke (n = 185), age over 80 years (n = 144), cerebral hemorrhage (n = 139), other neurological diagnosis (n = 137), not able to participate in neuropsychological examination (n = 95 patients), significant findings in CT not related to acute stroke (n = 92), brain stem or cerebellar stroke (n = 57), substance abuse (n = 21), psychiatric disorder (n = 20), traumatic brain injury (n = 6), left-handedness (n = 5) and native language other than Finnish (n = 4).
77 right hemisphere patients were selected 34 patients had thrombolysis and were excluded Six patients were excluded from further analysis Within 10 days: 43 patients were assessed At 6 months: 37 patients were re-assessed aligned with his or her midsagittal plane. The patient was not allowed to move the sheet during the task, and no time limit was imposed. The patient's starting point was marked in each task and its distance was measured from the center of the page in centimeters. Values on the left of the true midpoint were given a negative sign, values on the right a positive sign. All patients were assessed in a sitting position. A complete neurological examination including confrontational assessment of hemianopia was performed based on the National Institute of Health Stroke Scale (Goldstein, Bertels, & Davis, 1989 ) (NIHSS: 0-1 ¼ none or minimal symptoms, 2-8 ¼ mild symptoms, 9-15 ¼ moderate symptoms, !16 ¼ severe symptoms), the most commonly used test for evaluating outcome in acute stroke trials. Hemianopia was scored as absent or present. Basic activities of daily living (ADL) were measured using the Barthel Index (Mahoney & Barthel, 1965 ) (BI; range 0-100: 0-50 ¼ full dependency, 55-90 ¼ moderate dependency, 95-100 ¼ functional independence), which comprises 10 items measuring feeding, bathing, grooming, dressing, bowel control, bladder control, toileting, chair/bed transfer, ambulation, and stair climbing. The maximum score implies full functional independence, not necessarily a normal status. A good or favorable outcome at 6 months was defined as a BI score of 95 or 100.
CT of the brain was performed 3-4 hours from onset to verify the side and size of the infarction. Stroke location was evaluated by an experienced neuroradiologist who was blind to the neuropsychological and neurological data. Native axial 5-mm/ 7.5-mm slices were taken from the level of foramen magnum to the vertex of the skull on a modern 16 multi-detector CT machine (GELIGHTSPEED RT16, Wisconsin, USA). The sizes of the infarction were determined on the basis of the CT images by a method described by Broderick, Brott, Duldner, Tomsick, and Huster (1993) .
Controls
A reference sample of 49 right-handed healthy controls was drawn for the neuropsychological examination from local pensioners' clubs and from among the researchers' acquaintances (e.g., family members, friends or volunteers who came to our attention by word of mouth). Before the examinations the control group was screened using a semi-structured interview for possible history of alcohol abuse and psychiatric or neurological disorders. The possible presence of general cognitive decline was evaluated with the Mini Mental State Examination (Folstein, Folstein, & McHugh, 1975) ; the cutoff score for exclusion from the study was 24. All the participants were Finnish, studied in their primary language, and were blind to the hypotheses of the study.
Statistical analyses
Since some of the parameters were not normally distributed and the sample sizes were small, we chose to use non-parametric tests for continuous variables. Group differences in continuous variables between patients with and without VN were analyzed using the Mann-Whitney U test. Differences in categorical variables were analyzed with the w 2 test. Correlations between ADL outcome and starting (Cohen, 1988 (Cohen, , 1992 was used for both within-and between-group comparisons: small effects 0.20, medium 0.20 to 0.50, and large 40.80.
RESULTS

Baseline data
First, 34 right hemisphere patients who received thrombolytic treatment at the acute phase of stroke were excluded (five of them had VN and hemianopia). Second, six patients were excluded from further analysis because they did not participate in the follow-up study. These six patients did not differ significantly from the other right hemisphere patients with respect to age, education, gender, stroke severity, basic ADL, infarct size, BITC sum score, presence of hemianopia, or presence of VN. Two of the excluded patients had VN and one had hemianopia.
After application of the exclusion criteria, the final study group consisted of 37 right hemisphere brain infarct patients, 10 (27%) of whom had VN. The two groups (VNþ vs VNÀ) did not differ significantly with respect to age, gender, or presence of hemianopia. The VNþ group had a significantly higher NIHSS score ( p ¼ .001), larger infarct size ( p ¼ .013), lower BITC sum score ( p 5 .001), were less educated ( p ¼ .044), and were more dependent in basic ADL ( p 5 .001) than the VNÀ group. The patients' clinical characteristics are described in Table 1 .
The right hemisphere lesions were mainly located in the following brain regions: 3 (11.5%) in the frontal area, 11 (42.3%) in the temporal area, 3 (11.5%) in the occipital area, 1 (3.8%) in the fronto-parietal area, 1 (3.8%) in the fronto-temporal area, 2 (7.7%) in the occipito-temporal area, 3 (11.5%) in the fronto-parietal-temporal area, and 2 (7.7%) in the parietal-temporal-occipital area. Most of the infarcts (69%) were located in the middle cerebral artery. Table 2 shows the results of each conventional subtest and the total BITC score for each VN patient at the acute phase of stroke and after the 6-month follow-up. The scores of only two VN patients were not at or below the cut-off point ( 129) for the total BITC sum score. In the star cancellation task the results of all the VN patients were at or below the cut-off score. In the line cancellation task 90% of the VNþ group and 33% of the VNÀ group started from the right; in the letter cancellation task the figures were 50% and 4%; and in the star cancellation task 80% and 44%, respectively.
Analyses of the starting points
Starting points revealed a clear rightward bias: the VNþ group started more often on the right side than the VNÀ group. Statistically significant differences were found in the line cancellation (
In the VNþ group four patients (40%) started all cancellation tasks (3/3) from the right; four patients (40%) started two tasks from the right (2/3), and two patients (20%) started one task from the right (1/3). In the VNÀ group one patient (4%) started three tasks from the right, five patients (19%) started two tasks from the right, and nine patients (33%) started one task from the right.
BI and starting point in the star cancellation task showed a statistically significant correlation (r ¼ À.443, p ¼ .011), indicating a possible impact of residual VN on daily functioning. None of the other differences was statistically significant.
Follow-up data
The results for the two time points are summarized in Table 3 . At 6 months only two patients had VN and one patient had hemianopia. The VNþ group had more severe strokes ( p ¼ .02, d ¼ À0.98) and lower BITC sum scores ( p ¼ .013, d ¼ 1.12) than the VNÀ group.
In both groups the follow-up results for stroke severity and basic ADL showed a significant improvement compared to baseline. The VNþ group had significantly higher BITC sum scores at follow-up than at baseline. A favorable ADL outcome was found in 90% of the patients in the VNþ group and in 100% of the VNÀ group. 
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Healthy controls and comparisons between the patient groups
The group of healthy controls comprised 49 participants, 28 (57%) of whom were men. The median age was 59 years (range: 30-80), median duration of education 11 years (range: 5-17), and median BITC sum score 142 (range: 133-146). None of the controls suffered from any neurological or psychiatric illness. The VNþ, VNÀ, and healthy control groups did not differ significantly according to sex, w 2 (2) ¼ 3.382; p ¼ .184, or age, w 2 (2) ¼ 1.601; p ¼ .449, but significant difference was found years of education, w 2 (2) ¼ 6.980; p ¼ .031. Duration of education was significantly longer in the control group than in the VNþ group ( p ¼ .010). The participants' clinical characteristics are described in Table 1 .
Analyses of the starting points
The mean and standard deviation (SD) of starting points in the three cancellation tasks for all three groups are presented in Table 4 . The Kruskal-Wallis test showed significant differences between all three groups in their starting point in the letter cancellation and the star cancellation tasks. More detailed analyses using multiple pairwise comparisons revealed that the healthy control group differed significantly from the VNþ group in the letter cancellation and the star cancellation tasks and from the VNÀ group in the star cancellation task. The VNþ group did not differ significantly from the VNÀ group in any tasks, but a tendency toward significance was found in the letter cancellation task. None of the other differences was statistically significant. Between two patient groups the effects size was small in line cancellation task (d ¼ À0.11), medium in star cancellation task (d ¼ À0.29), and large in letter cancellation task (d ¼ À0.74).
In each task the healthy control group tended to start the cancellations mainly from the left side of the task sheet. In the line cancellation task 71% of the controls started from the left; in the letter cancellation task the figure was 100%; and in the star cancellation task 80%. None of the healthy controls started all the cancellation tasks from the right; two (4%) controls started from the right in two tasks and four (8%) controls started from the right in one task.
In the line cancellation task 40% of the VNþ group and 41% of the VNÀ group started from the right; in the letter cancellation task the figures were 50% and 0%; and in the star cancellation task 40% and 26%, respectively. The results for individual tasks in the VNþ group indicated that one patient (1/10) started all three cancellation tasks from the right, one patient (1/10) started two tasks from the right, and four patients (4/10) started one task from the right. In the VNÀ group eight patients (29.5%) started from the right in two tasks, and three patients (11.1%) started from the right in one task (see Table 2 ).
DISCUSSION
In this study our aims were to examine the presence of rightward bias in right hemisphere patients with or without VN at baseline and at 6 months post-stroke, and to compare their results with those of a healthy control group. In contrast to the previous literature we measured rightward bias in centimeters at the acute phase and 6 months after stroke. We expected to find the same degree of rightward bias after right hemisphere stroke as has been reported earlier (e.g., Jalas et al., 2004; Samuelsson et al., 1996) . We also hypothesized that the magnitude of rightward bias would decrease during the follow-up in patients with VN, but that differences between the healthy controls and right hemisphere patients will still remain. To the best of our knowledge this is first study where rightward bias in cancellation tasks has been measured in centimeters 10 days and 6 months after stroke.
At baseline the VNþ group showed clearly stronger rightward bias and they were more dependent in basic ADL than the VNÀ group. At follow-up the magnitude of rightward bias decreased in the VNþ group, but was still present. The VNþ group still showed stronger rightward bias than the VNÀ group, but a statistically significant difference was not found. Only a tendency toward significance was found in the letter cancellation task. A favorable basic ADL outcome was observed in 90% of the VNþ group and in the whole VNÀ group. Healthy controls differed significantly from the VNþ group in the letter cancellation and the star cancellation tasks and from the VNÀ group in the star cancellation task.
An important finding replicated in several studies (e.g., Gainotti et al., 1991; Jalas et al., 2004; Mattingley et al., 1994; Samuelsson et al., 1996) using different measures and different sample sizes of right hemisphere patients was that at baseline, rightward bias was more evident in VN patients than in patients without VN. Our results also suggest that not all VN patients showed a clear rightward bias and it might depend on the tasks used. An examination of individual starting points revealed that five VN patients started from the left in the letter cancellation task, one patient in the line cancellation task, and two patients in the star cancellation task. It has been suggested that a pseudo-random arrays stimulus sheet induces more rightward orienting than structured arrays (Jalas et al., 2002; Samuelsson et al., 1996; Weintraub & Mesulam, 1988) . Samuelsson et al. (1996) proposed that the star cancellation task does not present distinct clues that force the patient to RECOVERY FROM RIGHTWARD BIAS AFTER VN 11 start on the left or the right side of space. Our result might lend at least partial support to these arguments, but caution is needed when interpreting rightward bias as a sign of pathological performance (Jalas et al., 2002) in one type of cancellation task only. We also found that the star cancellation task was the only task in which all the VN patients showed a result at or below the cut-off score, confirming earlier suggestions that star cancellation might be particularly sensitive to identifying VN (Halligan et al., 1989; Jehkonen et al., 1998; Lindell et al., 2007) . The VNþ group showed stronger rightward bias than the VNÀ group in all three cancellation tasks at baseline. This is in line with results from previous clinical studies (Jalas et al., 2002; Samuelsson et al., 1996) . Our result lends support to the assumption that an automatic orientation toward the right is an essential component behind VN (Gainotti et al., 1991; Mattingley et al., 1994) . In additional analyses of individual test scores we found that only one patient in the VNÀ group started from the right in the letter cancellation task. Samuelsson et al. (1996) suggested that the letter cancellation task might include cues that forced patients to start the task from the left side, since reading and writing are from left to right in many languages. In our study a right-to-left strategy was uncommon in the letter cancellation task. In the star cancellation task almost half of the patients without VN started from the right, suggesting that some patients who according to BITC scores do not have clear-cut VN may still suffer from a residual inattention problem. The detection of these problems depends on the tasks used.
At follow-up the magnitude of rightward bias decreased clearly in the VNþ group compared to baseline, but the difference was statistically significant only in the line cancellation task. In the VNÀ group no such change was seen. Nevertheless the results in the VNÀ group showed stronger left-sided lateralization than the results in the VNþ group. This supports the assumption that residual attention problems were still present in the VNþ group even though most of the VN patients improved during the follow-up (as measured by BITC sum scores).
Some right hemisphere stroke patients who do not develop clear-cut VN may still suffer from rightward bias (Jalas et al., 2002) . At follow-up, none of the patients in the VNþ group had VN according to their total BITC sum score. Nonetheless one patient started from the right in all three cancellation tasks, and four patients (40%) started from the right in two cancellation tasks. Rightward bias was also found in the VNÀ group. Eight patients (29%) in the VNÀ group started from the right in two cancellation tasks. These results might indicate that both right hemisphere stroke groups include patients who do not develop clear-cut VN as assessed with BITC, but they might have signs of residual VN (rightward bias). It is possible that when a patient is fully concentrating on a task, they may be able to compensate for their VN symptoms. It should be emphasized that the number of left-sided omissions should not be considered the sole marker of VN, but the pattern of visual scanning should also be taken into consideration (Azouvi et al., 2006) . Webster et al. (1995) reported that rightward bias in clinical tasks in right hemisphere patients was associated with an increased risk of wheelchair accidents. In our study we found a significant correlation between starting point in the star cancellation task and BI in VN patients, suggesting that residual VN has a possible impact on daily functioning. An association between BI and rightward starting point was seen only in the star cancellation task, which has been previously described as the most sensitive cancellation task (Agrell, Dehlin, & Dahlgren, 1997; Halligan et al., 1989; Jehkonen et al., 1998; Lindell et al., 2007) .
At follow-up a favorable ADL outcome (BI495) was found in 90% of the VNþ group and in the whole VNÀ group, but BI mean score for the two groups did not differ at follow-up. This result might be due to the small sample size and/or the evaluation method used. The BI scale measures only motor abilities and does not cover cognitive domains. Therefore it is recommended that future research examine whether rightward bias affects more complex functions such as employment or driving.
At follow-up both patient groups, and the VNþ group in particular, seemed to be more right-biased than the healthy controls. This result might indicate that recovery of attention was not complete 6 months post-stroke, and residual symptoms of VN were still evident at follow-up. Samuelsson et al. (1996) found similar results. Based on these findings it is suggested that clinicians schedule follow-up evaluations for VN no earlier than 6 months after initial evaluation at onset.
Although our patient sample size was small, one of the strengths of our study is that it was carried out in a homogeneous group of consecutive right hemisphere patients with or without VN who had suffered their first brain infarct. Second, the presence of VN was assessed in each patient using a systematic battery of standard paper-and-pencil tasks which is in widespread clinical use and focused on assessing extrapersonal neglect in near space. Third, the location of the starting point was measured in centimeters, which is a more accurate procedure than that used in previous studies.
The main limitation of our study is the small number of patients, which limits the generalizability of the results. Our findings should therefore be considered with caution. Due to the small group sizes we used a categorized variable when defining the presence of VN, and therefore all VN patients were grouped together. Because of this we were unable to examine to the association between the subtype or severity (e.g., mild, moderate, severe) of VN and the starting points. We also excluded 34 right hemisphere patients who received thrombolytic treatment. Recent studies suggest that thrombolytic treatment is a significant predictor of earlier discharge to home and it is related to a favorable effect on visuoperceptual functions in acute phase of stroke . We assume that the patients with thrombolysis have a favorable effect on cognitive function in acute phase of stroke and therefore they were excluded in this study. This needs to be more carefully examined in future studies.
Our healthy controls and patients in the VNÀ group appeared to have a longer education than the VNþ group, and at the second assessment, the BITC sum score was also higher in the VNÀ group than among the controls. In this study the right hemisphere patients were evaluated at two points of measurement (at baseline and at follow-up) using the same protocol, but the controls were evaluated only once. The results from the second assessment of the right hemisphere patients probably reflect at least some learning effect, which might at least in part explain the differences between the controls and the results for the VNÀ group. Azouvi et al. (2006) found that education had a significant effect on the performance of healthy controls in cancellation tasks: less-educated healthy participants had a greater number of omissions than those with longer education. Our results suggest that caution is needed when interpreting the results for healthy participants, and these factors (e.g., education) should be given closer consideration in future studies.
The main conclusions of our study are as follows. At baseline, VN patients showed a strong rightward bias. At 6 months, VN was likely to have improved as measured by BITC sum scores, but symptoms of mild or residual attention (bias) problems were still detected. Our findings lend support to the multicomponent picture of VN. For clinical purposes it seems to make sense to determine patients' starting points in cancellation tasks after right hemisphere stroke in centimeters both at baseline and at 6 months. This might provide important additional information about the presence of mild or residual VN, which may have an impact on daily functioning.
